Globalization and rapid technological change is a reality for companies today. It has changed the manner in which business has been routinely conducted and has brought into focus delivery of results in real time. Newer forms of organizational structures have emerged that are flatter with fewer hierarchical levels. Career paths are no longer linear and unbroken but are spiralling and lateral in nature. The traditional employment contract between employees and organization has altered. While earlier it was normal to assume a life time of security in exchange for doing a good job, now employees are increasingly looking for opportunities for professional development that will enhance their future employability. what is achieved, the focus is shifting to how it is achieved as an indication of an employee's ability to keep performing well in the future. It has made 'competencies' the new mantra for the HR departments aiming to effect change within organizations.
I n the literature, competence has been defined largely in terms of the desire to see specific work-related behaviour very clearly:
• The ability to perform effectively the functions associated with management in a work situation (Hornby and Thomas, 1989 ).
• A knowledge, skill, ability or characteristic associated with high performance on a job (Mirable, 1997) .
• Observable or habitual behaviours that enable a person to succeed in her activity or function (Cardona and Chinchilla, 1999 ).
• A combination of motives, traits, self-concepts, attitudes or values, skills, and abilities that differentiate superior performers from average performers (Lee and Beard, 1994 ).
• The capacity to transfer skills and abilities from one area to another (Hogg, 1989 as cited in Lee and Beard, 1994) . The above definitions of competence clearly suggest that, though implicitly, yet, competence is underlying and does project itself as skilled behaviour. It includes self-knowledge and motivation. In other words, a competent manager is one who has both the desire and the willingness to demonstrate effective behaviour. The selfknowledge component of competence suggests that a competent person is able to transfer skills and abilities from one area to another. Finally, competency refers to effective performance.
Early research on competencies can be attributed to McClelland (1973) who showed that a person's success in a job could not be predicted solely on the basis of intelligence tests. Around the same time, McBer, a US company, was commissioned by the American Management Association (AMA) to identify those personal characteristics of managers that result in effective and/ or superior performance within a job. McBer's research which was documented by Boyatzis (1982) identified six clusters of competencies that were related to managerial effectiveness. These included goal and action management cluster, leadership cluster, human resource management cluster, directing subordinate cluster, focus on others cluster, and specialized knowledge.
Since then, the human resource consultants and experts have developed several competency models. Most of these models capture a set of competencies similar to the ones identified in McBer's research including administrative, communication, interpersonal, leadership, motivation, organizational strategy, entrepreneurial, self-management, and thinking skills.
HOW ARE COMPETENCIES IDENTIFIED AND MEASURED?
A comprehensive method to identify and measure competencies is the one adopted by McBer which involves five stages (Boyatzis, 1982) :
• Identification of criterion measure: Choosing an appropriate measure of job performance to identify top performers and collecting data on managers.
• Job analysis: Generating a list of characteristics perceived as leading to effective and/or superior performance and obtaining ratings from the managers to compute a weighted list of characteristics which are then analysed in clusters.
• Behaviour event interviews (BEI): Conducting BEIs to obtain a detailed description of the manager's performance, coding interview data, and relating it to job performance data.
• Tests and measures: Choosing tests and measures to assess competencies, administering and scoring them, and relating them to job performance data.
• Establishing the competency model: Integrating results from the previous three steps and statistically and theoretically determining and documenting causal relationships among the competencies and between the competencies and job performance. While job competence assessment is an extremely rigorous approach for developing a competency model, it is time-consuming and expensive. Sometimes, companies rely on a panel method for identifying competencies. In this approach, a group of experts get together and identify a list of characteristics that they think is relevant for superior performance. Even though the competencies resulting from the panel method are not empirically tested against performance data, very often, they come close to explaining performance. In fact, constructing competencies through the natural language interaction of organization members has been suggested as being particularly suitable for organizations operating in a turbulent environment where competencies frequently change (Michellone and Zollo, 2000) .
CURRENT DEBATE ON COMPETENCIES
While considerable development of the concept of competencies has taken place since the 1970s, debate still Spencer and Spencer (1993 
Level of Competence
Although the term 'competence' originally meant "basic personal characteristics that are determining factors for acting successfully in a job or a situation" (McClelland, 1993) , in recent times, another close-sounding term called 'core competence' has been popularized by Hamel and Prahalad (1990) . The two terms are distinct from each other, yet, attempts have been made to relate them. While competence refers to the individual level of analysis, core competence refers to the organizational level of analysis. Core competencies are a company's characteristic areas of expertise and consist of the synergy of intellectual assets such as motivation, employee effort, technological and professional expertise, and methods of collaboration and management processes that are difficult for competitors to duplicate. Godbout (2001) has integrated the two concepts of individual and core competence to develop the idea of competency-based organization. According to him, core competencies are created through the logical and practical linkages between the organization's goals, structure, and culture which transform into a series of management concepts and business rules reflecting the expertise of its employees and the degree to which the employees' know-how is appreciated by the management. This entails that skills and motivation of employees are important factors in achieving a company's objectives. In short, according to Godbout, individual competence is a necessary condition to develop core competency.
Depth of Competence
Competency approaches fall loosely into two categories -those that essentially value the definition and measurement of competence as displayed in observable behaviours (Cardona and Chinchilla, 1999) , and those that essentially value the underlying characteristics that lead to behavioural demonstration of a competence (Boyatzis, 1982) . The advantage of the first approach is that it tends to make the assessment of competencies relatively easy and objective. However, the advantage of the second approach is that it allows us to delve beyond conscious behaviours to unconscious levels of competence at work such as motives (e.g., desire to achieve goals) and self-image (e.g., I am a forward planner). Spencer and Spencer (1993) have proposed an architecture of individual competence that encompasses both the approaches and define them as a series of layers, like an iceberg, where only the top layers are visible and observable through behaviour (Figure 1) .
The first layer of the iceberg competence structure is concerned with observable knowledge and skills that relate to tasks and work and that can be learned in professional and technical training courses. The second layer refers to non-job-specific skills that can be transferred from one situation to another such as communication and problem-solving skills. The third layer of the iceberg competence structure refers to values, standards, and morals of the person and how they relate to the social and political expectations of the organization or the professional association. Finally, the fourth layer comprises of personal characteristics that are difficult to assess directly through behaviour such as pragmatism, commitment to results, etc. Clearly, the ease of assessing competencies through observable behaviours and criteria increases as one progresses to the upper layers. Boyatzis (1982) distinguished between threshold competency and differentiating competencies. Threshold
Degree of Competence
competency refers to that minimum quality that a person needs in order to do a job such as the ability to speak the native language. Differentiating competencies refer to those factors that distinguish superior from average performers. Most threshold competencies are considered to be generic in nature in that they tend to apply to most managerial jobs whereas differentiating competencies may be more organization-specific. For instance, time and again, the list of basic management competencies has included analysis, communication, creativity, decision-making, etc. However, a competency such as awareness of international ways of approaching business deals may be a critical factor determining job success and high performance in a particular global company (Lee and Beard, 1994) .
Specificity of Competence
This debate concerns whether competencies are unique to a particular job or organization or whether they are generic. Most threshold competencies for management are often treated as being generic rather than specific. In fact, competency models developed by HR consultants usually give us a plethora of generalized behavioural and attitudinal information about employees such as their communication ability, leadership ability, and problem-solving ability, to name a few. This is due to the fact that managerial behaviours in all sectors or organizations tend to be based on a triumvirate of interpersonal roles, informational roles, and decisionmaking roles (e.g., Mintzberg, 1973) . However, more recently, there have been suggestions (e.g., Turner and Crawford, 1994) that examining general managerial competencies may not be enough to differentiate between average and high performance and that an extension into assessing specific technical and functional competencies may be required even for senior management levels in a technology-driven future.
A look at the recent developments in the automobile sector in a developing country like India demonstrates this point. In order to survive, the Indian vehicle manufacturers have had to upgrade products by replacing manually operated product features with electronically controlled ones. This change in product features has resulted in a change in job specifications. An auto company today requires maintenance and service engineers who, in addition to being mechanical engineers, should also have an understanding of certain aspects of electronics and electrical engineering. At such times, an audit of technical competencies possessed by the company executives helps the HR department to re-deploy and retrain employees according to business needs.
Further, if we take an instance of a product development executive whose job is to modify vehicle engine features in keeping with more stringent pollution control norms, no doubt, he would be required to be a good leader, a communicator, and a manager. However, these qualities, though necessary, are not sufficient by themselves. This employee must also be a trained engineer with, say, the skill to read engineering drawings and understand the petrol cycle as well as have knowledge specific to the function -for example, understand terms like EURO II and EURO III. Such details are unfortunately not assessed in the standard available managerial competency models.
Therefore, organizations need to move beyond assessment of generic managerial competencies to more specific technical competencies and adopt a holistic approach to competency assessment as it applies to real jobs in the work place. Some organizations have already started doing this (for instance, see the technical competencies for software engineers in Philips Digital Networks -Product Services (DPS) within Royal Philips Electronics by Begeer and Banerjee, 2002) . However, there is ample scope for research-based contributions in this area. It is in this context that this paper attempts to validate a model of techno-managerial competencies.
RESEARCH METHODOLOGY Company Profile and Sample
To validate our model of techno-managerial competencies, we gathered data from an assessment exercise conducted on executives (N = 271) in one of India's largest vehicle manufacturing companies. The company is a leading player in the medium and heavy commercial vehicle segment in India with a market share of about 33 per cent in 2000 and is a dominant market player in the south of India. Executives who participated in the assessment exercise belonged to product development, corporate quality engineering, and manufacturing functions. Their grades ranged from 22 (just over entry level) to 27 (just below top management cadre), covering a range of total work experience from 3-25 years. Most of the participants had been inducted into the company as trainee engineers and had risen through the ranks to senior levels.
Box 1: An Item in the Analytical Section of the Test
In the question below is a given statement followed by two conclusions numbered I and II. You have to assume everything in the statement to be true and then decide which of the two given conclusions logically follows beyond a reasonable doubt from the information given in the statement. Give answer (1) if only conclusion I follows; give answer (2) if only conclusion II follows; give answer (3) if either I or II follows; give answer (4) if neither I nor II follows; and give answer (5) if both I and II follow.
Statement:
Some four-wheelers are blue. Mahindra Bolero is a four-wheeler. Conclusions: I. Mahindra Bolero is blue.
II. Mahindra Bolero is not blue. Answer:
(1) (2) (3) (4) (5) Each correct answer carried one mark. There was no penalty for wrong answers.
1 Although it was difficult to calculate traditional measures of alpha reliability of some of these measures given the 'live' nature of the assignment, successive use of the same written test provided consistent results.
Method
Assessment exercises were conducted between the years 2000 and 2002 as a part of the company's larger efforts to gear itself up to the threat of increased competition from other players as well as to cope with changes resulting from the enforcement of stringent pollution control norms in the country. The assessment was conducted by a team of experts in human resource management and automobile engineering drawn from academia along with senior company executives. Since the company in question was treating the assessment as a developmental tool rather than an appraisal tool, the following four elements generally considered to be crucial for an effective development centre (Lee and Beard, 1994) were made an integral part of the entire exercise:
• setting up of an appropriate criteria (competencies) against which to measure participants • selection of instruments (interviews, exercises, and tests) that accurately measure the appropriate criteria • identification of skilled assessors who can recognize effective performance as defined by the appropriate criteria • provision of feedback of the assessment data in order to improve individual and organizational performance. Accordingly, the team began by conducting focus group discussions and interviews with senior management to identify competencies that were relevant for superior performance particularly given the future business goals of the company. This resulted in a set of 24 items that were broadly clubbed into managerial (11 items) and technical (13 items) competencies (Exhibit 1).
Once the competencies had been identified, top managers were asked to assign suitable weights to them using a paired ranking technique to indicate the relative importance of the particular criterion to successful performance.
Measures
The next stage in the assessment involved the selection of instruments and measures for the identified criteria. A combination of techniques including written tests, leaderless group discussions around a case analysis, and in-depth interviews was used for the final assessment. The measures that were used for each of the listed competencies are discussed below in brief.
Analytical ability, creativity, and risk-taking were assessed using a written test that was specially designed for the purpose. Items for assessing analytical ability were adapted from standard books and tests on IQ (Alder, 2002; Barrett, 2000) in the context of an automobile engineering company. Numerical reasoning, verbal reasoning, visual-spatial reasoning, and logical reasoning were tested (Box 1 gives an example). Items to test creativity were adapted from books and websites on creativity and visual puzzles (DiSpezio, 1998) keeping in mind the context of the company and the automobile sector. Both divergent and convergent forms of creativity were examined based on techniques such as lateral thinking, assumption smashing and asking questions, attribute listing, and analogy. Since some items on the creativity tests had open-ended answers, initially, two raters, one from the company and the other from the external expert team, assessed these items separately and compared responses. Only when a sufficiently high degree of consistency in evaluation by the assessors was established was the rest of the evaluation of the creativity test completed. Each response in the test carried one mark. A high score indicated a higher creative potential (Box 2 gives an example).
Risk-taking was assessed using an adapted and abridged version of Kogan and Wallach's (1964) measure of risk-taking behaviour cited in Robbins (2001) . 1 Situations were placed before the participants who were asked to indicate the minimum odds of success they would demand before recommending one alternative over another by placing themselves in the position of advisor to the central person in each of the situations.
Box 2: An Item from the Creativity Test
Find three things that you can do by combining objects (A) and (F) above. Look for applications which use the properties of both objects and which could not be done (or would be very difficult) if you had only one of the objects.
Box 3: An Item from the Risk-taking Measure
Mr. L, a 30-year old research physicist has been given a five-year appointment by a major university laboratory. As he contemplates the next five years, he sees himself working on a difficult, longterm problem. If a solution could be found, it would resolve basic scientific issues in the field and bring high scientific honours. If no solution was found, however, Mr. L would have little to show for the five years in the laboratory and it would be hard for him to get a good job afterwards. On the contrary, as most of his professional associates are doing, he could work on a series of short-term problems for which solutions would be easier to find but they are of lesser scientific importance. Imagine that you are advising Mr. L. Listed below are several probabilities or odds that a solution will be found to the difficult long-term problem that Mr. L has in mind. Check the lowest probability that you would consider acceptable to make it worthwhile for Mr. L to work on the more difficult long-term problem. _____ The chances are 1 in 10 that Mr. L will solve the longterm problem _____ The chances are 3 in 10 that Mr. L. will solve the longterm problem _____ The chances are 5 in 10 that. Mr. L. will solve the longterm problem _____ The chances are 7 in 10 that. Mr. L. will solve the longterm problem _____ The chances are 9 in 10 that. Mr. L. will solve the longterm problem _____ Place a check here if you think that Mr. L should not choose the long-term difficult problem no matter what the probabilities are.
Each alternative scored a few points with more risky alternatives scoring fewer points than less risky alternatives. Overall, the lower the score, the greater the risktaking orientation of the participant (Box 3 gives an example).
Other than the written tests, participants were assessed through a group problem-solving exercise around a case analysis. Some of the cases were developed based on actual problems faced by the company.
The participant groups were given 20 minutes to read the case and 45 minutes for the discussion. They were free to decide among themselves the best modalities for arriving at a solution -whether they should appoint a leader or split up the task into smaller sub-tasks, etc. A panel of technical and behavioural experts observed them without intervening. Through this exercise, technical competencies such as problem definition, problem analysis and choice definition, choice evaluation and solution, creativity and originality, technical leadership ability, and behavioural competencies such as communication ability, team working ability, and people management ability were assessed. Scoring was done on a scale of 1 to 10 with 1 indicating a poor score and 10 indicating a good score.
The final stage in the assessment exercise was an in-depth interview lasting between 30 and 45 minutes with the panel of behavioural and technical experts. During the interview, questions were asked to assess the remaining competencies. Answers were rated on a scale of 1 to 10 with 1 indicating a poor score and 10 indicating a good score. Exhibit 2 indicates a sample of questions that were asked to assess each of the remaining competencies.
ANALYSIS
As the panel of assessors did not remain constant over the two-year period during which the exercise was conducted panel-bias free, normalized scores of candidates were computed and used for analysis. Complete data were available for 271 executives who formed the final data set for analysis. Descriptive statistics of the competencies is given in Exhibit 3.
Based on discussions with senior executives, it was expected that the competency model for the company would comprise of two broad set of competenciestechnical and behavioural/managerial competencies. An exploratory factor analysis (EFA) was conducted to test this notion and explore the clusters of competencies that emerged from the data. EFA gave five factors in place of a neat two-factor model of competencies. The results of EFA are given in Exhibit 4. The factors included technical skills, group problem-solving skills, managerial skills, aptitude, and risk-taking ability. These factors together explained about 80 per cent of the total variance with the first three factors alone explaining 70 per cent of the variance.
Confirmatory factor analysis (CFA) using AMOS 4.0 was further conducted to test for a two-factor model of techno-managerial competencies as had been expected as well as a five-factor model of competencies as had emerged in the EFA. After several attempts at modelfitting, the best-fit model that emerged was a four-factor model of competencies comprising of technical skills, group problem-solving skills, managerial skills, and aptitude. In this model, risk-taking as a factor was included in the factor labelled aptitude since it contributed only 4 per cent to the total variance in the EFA. Following the recommendation of Bollen (1989) , multiple indexes of fit were examined to interpret the results of CFA. These included chi-square, root mean square error (RMSEA), normed fit index (NFI), and comparative fit index (CFI). The CFA showed a good fit for the fourfactor model, χ 2 (246, N = 324) = 1514.12, p < 0.001, RMSEA = 0.13, NFI = 0.93, CFI = 0.93. Factor loadings of all items were satisfactory and above 0.50, except for risk-taking, which was -0.03, suggesting that it would perhaps be more suitable to consider dropping this item from the model altogether in future studies.
The final model of competencies that emerged from the study, therefore, consisted of the following four factors: Technical skills -comprising of knowledge fundamentals, application and judgement, engineering drawing appreciation, regulatory test requirements, manufacturability appreciation, test and validation requirements, materials choice appreciation, and knowledge of emerging trends. Group problem-solving skills -comprising of problem definition ability, problem analysis and choice determination ability, choice evaluation and solution generation ability, creativity and originality, technical leadership ability, communication ability, team working ability, and people management skills. Managerial skills -comprising of perseverance, quest for learning, visualization, business understanding, and attention to detail. Aptitude -comprising of analytical ability, creativity, and risk-taking orientation.
SUMMARY AND CONCLUSIONS
This paper tested a model of techno-managerial competencies based on data gathered from over 250 executives in one of India's largest vehicle manufacturing companies during a consulting assessment exercise conducted within the company. A total of 24 competency items were identified based on discussions with senior managers in the company, 13 of which were technical in nature and 11 were managerial. A panel of experts using a combination of written test, group discussion, and indepth interview conducted the assessment of executives on the listed competencies.
Exploratory factor analysis and confirmatory factor analysis were conducted on the 24 competency items. It was expected that the items would load on two dimensions -technical and managerial. However, EFA and CFA confirmed instead a four-factor model of competencies comprising of technical skills, group problemsolving skills, managerial skills, and aptitude.
The results of the study, therefore, supported the basic premise of a model of competencies that extended beyond managerial competencies to include technical competencies. However, two additional dimensions of group problem-solving skills and aptitude came up in the model. In a sense, these additional dimensions are not surprising. Much of the work in an automobile manufacturing company, especially the work associated with new product development and quality, is done in teams. Similarly, the importance of aptitude comprising of analytical ability and creativity to effective performance of a manager has been supported time and again through various other competency models. The problematic item was risk-taking that did not load well on the factor of aptitude. Perhaps, this item was not relevant for this particular company as it had a largely conservative culture or perhaps a better measure of risk-taking is required. Future research should attempt to rectify this problem.
Further, since the company was using assessment as a developmental rather than an appraisal tool, it had consciously sought to de-link assessment from the past job performance. As a result, it was not possible to correlate the dimensions from the four-factor model that emerged in the study to job performance. Perhaps, future researchers could use this model for automobile sector companies and relate it to job performance to test its concurrent and predictive validity. 
